Dicer has been well studied in cancer; however, deciphering its exact function in tumorigenesis continues to be a challenge. While partial suppression or truncation of Dicer promotes tumorigenesis, its complete deletion inhibits tumor growth. Here, we discuss this Dicer cancer conundrum in the context of its recently discovered role in the DNA damage response.
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Mutational analyses of human cancers indicate that, while partial loss of DICER is associated with many cancers, its complete loss is not well tolerated. In that sense, DICER does not fit the classical definition of either a tumor suppressor gene or an oncogene. Interestingly, further insight into the function of Dicer in cancer comes from studies in which the consequence of heterozygous or homozygous deletion of Dicer was examined in mouse models. A pivotal study by Tyler Jacks's group demonstrated that shRNA-mediated downregulation of Dicer resulted in enhanced cellular transformation and tumorigenesis in mouse lung adenocarcinoma cells. 2 Subsequently, Dicer heterozygous mice were shown to exhibit increased tumor burden and reduced survival in K-Ras-driven mouse models of lung cancer and sarcoma. 3 Most interestingly, while loss of a single allele of Dicer enhanced tumorigenesis, loss of both copies of Dicer had the opposite effect. Indeed, it was rare to find tumors that had lost both copies of Dicer, and enforced complete deletion of Dicer led to inhibition of tumorigenesis. What could be the mechanism by which partial loss of Dicer is pro-tumorigenic whereas its complete loss is antitumorigenic? One possible explanation is that partial deletion of Dicer results in increased amounts of oncogenic versus tumor suppressive miRNAs, whereas the complete loss of all miRNAs is detrimental for cellular growth. However, the recently discovered miRNA-independent function of Dicer in DNA damage repair presents an attractive alternative possibility. In 2012, two independent studies reported that Dicermediated processing of ncRNAs (referred to as DDRNAs or diRNAs) is essential for the repair of damaged DNA. 4, 5 Specifically, these DDRNAs/diRNAs correspond to the sites of DNA double-strand breaks and are thought to act as templates for efficient DNA repair.
In our recent paper, we examined this function of Dicer and found marked accumulation of DNA damage in cells deficient for Dicer. 6 This was particularly evident in rapidly dividing cells that experience replication stress-associated DNA damage. Such cells included embryonic stem cells as well as neural precursor cells in the developing brain, where the absence of Dicer alone resulted in the accumulation of DNA damage and tumor protein p53 (TP53 or p53)-dependent cell death. Importantly, we also examined this DNA repair function of Dicer in the context of brain tumors. In the absence of Dicer, medulloblastoma cells accumulated significant DNA damage, resulting in extensive cell death and decreased tumor burden. Together, these results highlight the importance of Dicer function in DDR and show that a major consequence of Dicer deficiency is the accumulation of DNA damage and cell death in rapidly dividing cells during development and tumorigenesis.
We propose that this role of Dicer in DDR at least in part provides a plausible explanation for why partial loss of Dicer is pro-tumorigenic whereas its complete loss is antitumorigenic (Fig. 1 ). While tumors with normal levels of Dicer are able to repair the DNA damage that is caused by oncogenic stress, tumors completely lacking Dicer would accumulate significant DNA damage resulting in cell death. In contrast, partial reduction of Dicer (e.g., Dicer heterozygosity) could result in increased but sublethal levels of DNA damage that actually promotes tumorigenicity. Low levels of mutagenesis are well recognized to stimulate cancer development and progression. Indeed, recent studies have shown that sublethal DNA damage caused by limited caspase activation potentiates cancer growth. 7 There are several predictions of this model that can be readily tested. For example, in the SmoM2 mouse model of medulloblastoma where we have observed accumulation of DNA damage and reduced tumorigenesis with complete Dicer deletion, we expect Dicer heterozygous mice to exhibit limited DNA damage and enhanced tumorigenesis. Consistent with this, using a different medulloblastoma model another group demonstrated that Dicer heterozygous tumors were indeed more aggressive than WT tumors. 8 Also, since the model predicts that the inability of complete Dicer deletion to support tumor growth is due to lethal accumulation of DNA damage and activation of p53-mediated apoptosis, p53 deficiency is anticipated to permit the growth of Dicer-deficient tumors. Indeed, co-deletion of Dicer and p53 has been reported to induce highly aggressive skin carcinomas. 9 Likewise, although it has been challenging to generate cancer cells completely deficient in Dicer, we note that the recent report of the generation of Dicer-deficient sarcoma cells was achieved in the context of p53 inactivation. 10 However, we acknowledge that, in other contexts, the rescue of Dicer loss with p53 deficiency may only be partial since persistent DNA damage can also activate p53-independent pathways of cell death.
Lastly, it is important to consider that since the threshold of DNA damage that is permissive for cell survival is likely to be different in different cell types, the exact extent of Dicer reduction and DNA damage that potentiates versus inhibits tumorigenesis could vary according to the type of tumor. Nevertheless, partial loss of Dicer under conditions of oncogenic stress is anticipated to have an outcome on cancer progression that is completely opposite to complete loss of Dicer in multiple tumor types.
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